Ventilatory function was studied in 51 snbjects undergoing coronary arteriography because of known or sue peeted coronary artery disease. An subjects were free of systemic hypertension or other forms of heart disease and none was in congestive heart failure. !My percent of those with objective evidence of coronary artery disease and/or left ventricular dysfnnction had at least one abnonbatity of ventilatory fnnctioa. Pulmonary functional abnormalities were nd clearly rewed to the number of objective abnormalities, bnt the nnmber of snbjects was small. There was no relationship between the severity of he relationship between pulmonary disease and Theart disease has always evoked interest. This interest has been manifest in studies of pulmonary function in patients with heart disease as well as in studies of cardiac function in patients with chronic lung disease. One of the problems with these studies has been the age and sex-related incidence of chronic lung disease and coronary artery disease, both reflecting a high incidence in men of middle and older age groups. The fact that chronic obstructive lung disease and coronary artery disease are common in certain subjects makes it difliicult to determine whether or not the two entities occur in a given patient because disease of one organ has produced functional changes in the other, or whether they merely have occurred simultaneously in the same patient by chance. The present work emphasizes that heart and lung'disease have a third common etiology, other than sex and age: cigarette smoking. Any study purporting to show the etiologic relationship between heart and lung disease will thus have to take into account this common causative factor. left ventricular diastolic elevation and ventilatory abnormalities. <)n the other hand, the five subjects who did not smoke cigarettes had no pulmonary abnormalities and this incidence is statistically significantly Werent from the remaining 46 subjects. This emphasii that any study attempting to relate the ventilatory effects of coronary heart disease rnllst consider the common factor in both-cigarette smoking. Abnormal pnlmonary function and heart disease have cigarette smoking as a common etiologic base rather than pulmonary abnormalities occuning as a consequence of heart d i i .
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The records of 92 consecutive patients who were referred to the laboratory for coronary evaluation were reviewed. No patient had additional forms of heart disease and all had coronary angiography. Patients were eliminated for any one of the following reasons: ( 1 ) pulmonary function studies not performed or patient performance incomplete or unsatisfactory, nine patients; ( 2 ) a history of systemic hypertension, 22 patients; ( 3 ) peripheral edema or pulmonary rrZles present at some time during admission for catheterization, or a history of congestive failure, nine patients; (4) left ventricular enddiastolic pressure obtained only after the ventricular angiogram was performed, six patients; ( 5 ) pulmonary functional abnormalities sufficiently severe to suggest underlying chronic lung disease, one patient. Several patients had more than one of the above so that in total only 41 subjects were eliminated, the remaining 51,lO women and 41 men ranging in age from 19 to 68 years (mean age: 50 years), form the basis of this report.
Left heart catheterization and selective coronary angiography were performed by the Sones method, utilizing a right brachial arteriotomy. All patients were studied in a fasting state following light sedation with secobarbital 100 mg and meperidine 50 mg. Ventriculography was recorded in both the left and right oblique positions. The coronary arteries were each selectively opacified in four difFerent projections.
Spirometry was performed on the morning following cardiac catheterization. The patients were seated, with the nose occluded. Three to four forced vital capacities (FVC) were obtained. The largest was taken to be the patient's FVC and was also used for the determination of the various flow rates. These consisted of the first second volume ( FEVI ), the first The high yield produced by the MMF is consistent with previous work in this laboratory suggesting that the MMF is the most sensitive indicator of early airways obstruction.' This work also indicated that the FEV1% is almost aa good aa the MMF, but that the FEVl is relatively insensitive, all of which are consistent with the findings noted here. In this table and Table 2 the total number of subjects does not equal 51. This is because some patients had no abnormality in a particular function and others had more than one abnormality.
second timed vital capacity (FEV, percent) and the maximum mid-expiratory flow (MMF) as well as the percent predicted and the lower limit of normal for each of these functions. Pulmonary function tests were performed by well trained technicians who were unaware of the study. The lower limit of normal for each subject for all functions was determined by a computer from regression equations previously developed in this laboratory.1 The patients' history, electrocardiogram, hemodynamic data and coronary arteriograms were reviewed by one of us ( WHH ) without knowledge of the results of the pulmonary function tests. The arteriographic interpretation was based on the following criteria: ( 1 ) ventricular contractions without evidence of significant dilatation, akinesis or dyskinesis were considered normal; ( 2 ) a normal coronary vascular tree was without evidence of narrowing, obstruction or collateral formation; (3) minor luminal irregularities ignored. The upper limit of normal for left ventricular end-diastolic pressure ( LVEDP) was taken to be 12 mm Hg.
The results are summarized in Table 1 . Twentyseven patients (53 percent) had one (or more) abnormality of ventilatory function. There were six patients in whom catheterization and electrocar-. diogram were normal ie, no demonstrable evidence of coronary artery disease despite a history which could have been compatible with it. Of these, one had abnormal pulmonary function. There were seven patients in whom the only positive findings were disclosed by an abnormal electrocardiogram ( ECG ) suggestive of a previous myocardial infarction or demonstrating bundle branch block or ST-T abnormalities. Of these, three had abnormal pulmonary function. There were 38 patients with physiologic abnormalities at catheterization. Of these, 24 ( 63 percent ) had abnormalities of pulmonary function. If the seven patients with abnormal findings on electrocardiograms but normal catheterization are included with the 38, there were 45 patients with objective evidence of heart disease, 27 ( 60 percent ) of whom had abnormal ventilatory function. Of the 13 patients who had abnormality in all three cardiac physiologic measurements ( LVEDP, coronary angiography, left ventricular function) as well as the ECG, only four had normal ventilatory function (one of these was a nonsmoker).
There was no relationship between pulmonary functional abnormalities and respiratory symptoms. Of the 22 subjects who had dyspnea and/or orthopnea only 12, little better than half, had pulrnonary functional abnormalities. Of the 29 patients without respiratory symptoms, 16, again little better than half, had abnormal pulmonary function. Table 2 illustrates the relationship between functional abnormalities of the lung and heart. The number of subjects is too small to indicate whether any single or combination of physiologic abnormalities result in a higher incidence of pulmonary abnormalities. However, taking each of the three physiologic determinants alone or in combination with one or both of the other two, there was very little to suggest that one was more likely to produce ventilatory abnormalities than the others. The data also indicate, as one might suspect, that cardiac abnormalities do not occur separately very often.
Not shown in Table 2 is the fact that the level of LVEDP could not be related to the presence of pulmonary functional abnormalities. There was no higher incidence of pulmonary abnormalities in conjunction with marked elevation of LVEDP than with mild or moderate elevation of LVEDP.
Of the total of 51 patients, only five did not smoke, The abbreviations in Table 2 are the same aa those in Table 1 . The total number of patients in the lower portion of the table normality and some had none.
three women and two men. Of these, one man and two women had objective evidence of coronary artery disease limited to the electrocardiogram. The remaining women had one-vessel disease with abnormal ventricular function and normal end-diastolic pressure and the one man had two-vessel disease with abnonhal LVEDP and abnormal ventricular function. None of the five had abnormal pulmonary function. A comparison of five nonsmokers with no abnormalities of pulmonary function with 46 smokers of whom 27 had pulmonary function abnormalities resulted in a p of <0.005 by the 2 test.
Because of the possibility that the large number of pulmonary functional abnormalities in the smokers was due to the criteria for "normal" used in this laboratory, the criteria of three other groups were used as well (Table 1) . For Bates and Christie,2 the method was to set the limits of normal as they suggest, ie, 80 percent of the predicted value. The predicted values used were taken from t h e 3 tables of normal. These tables do not include the predicted value for the FEVl percent, and so the limits of normal used by two other groups were compared with the limits of normal set in this laboratory. Kory et als have concluded that an FEVI percent of less than 75 percent is probably abnormal, while the level set by GaenslelA is 72 percent. As noted in Table 1 , there was no striking difference in the yield produced by these different criteria. The level for the FEVI percent set by GaenslelA produced a somewhat lower yield than that from this laboratory or by Kory et al.3 Seventy-two percent may prove too low, and therefore may be insensitive to mild reduction in expiratory flow rate.
Clearly the occurrence of pulmonaiy abnormalities in subjects with coronary artery disease is most likely related to cigarette smoking and not to the pulmonary circulatory consequences of coronary artery disease. There was no clear relationship bedoes not equal 51, because some patients had more than one abtween the hemodynamic and/or angiographic functions and pulmonary functional abnormalities. It is true that certain types of information were not obtained in this study which could conceivably be important: cardiac output, pulmonary vascular resistance, pulmonary vascular pressure, pulmonary compliance and the like. However, even if this information were available, it might not be informative since these patients were studied during a single period when they were inactive, sedated and supine. There is no certainty, for example, that a normal LVEDP under such circumstances might not be abnormal when the subject is ambulatory and that such an elevation might not produce chronic ventilatory abnormality.
Although there is a clear relationship between smoking and pulmonary functional abnormalities in these patients, there is also a suggestion that the severity of cardiac functional abnormalities is related to pulmonary impairment. Taking into account only the smokers, of the 17 patients with normal -coronary angiograms ( of whom seven had abnormal LVEDP and four had abnormal ventricular function) only seven ( 41 percent ) had abnormal pulmonary function. On the other hand, of the 11 patients with abnormal coronary angiograms and left ventricular function (eight of whom had abnormal LVEDP), ten ( 90 percent ) had abnormal pulmonary function.
Although the different incidence of pulmonary abnormalities in these two groups did not reach statistical s i m c a n c e , an incidence of 90 percent abnormalities in pulmonary function is certainly higher than has previously been reported even for cigarette smokers. Since pulmonary function tests are age corrected, age also can not account for the high incidence of pulmonary abnormalities in these 11 subjects whose mean age was 53 + 10 years. Although the incidence here is quite high, the group is small.
A larger study will be required to validate the suggestion made here that coronary artery disease
